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Description 

[0001] The subject of the present invention involves 
a method for preparation of affinity supports for affinity 
separations. 

BACKGROUND 

[0002] The principles of affinity separation, also 
termed affinity chromatography, bioselective adsorp- 
tion, and biomolecular recognition methods, are de- 
scribed in detail in several books and review articles, 
such as: Handbook of Affinity Chromatography (1993) 
T. Kline, Ed., Marcel Dekker, Inc.; Affinity Chromatogra- 
phy: a Practical Approach (1985) Dean RD.G., Johnson 
W.S., and Middle F.A. Eds., IRL Press; Solid Phase Bi- 
ochemistry (1981) Scouten W.H. Eds., John Wiley & 
Sons; Current Trends in Molecular Recognition and Bi- 
oseparation (1995) Jones C. et al. Journal of Chroma- 
tography A, 707:3-22. Affinity separations are specific 
and efficient methods, but often they do not perform as 
well as theoretically expected, due to a number of tech- 
nical problems, as described in the references cited 
above. Some of the main problems are 1. ligand leaking 
(or leaching), i.e. the specific molecule attached to the 
solid support (ligand) slowly but constantly separates 
from the support, leading to reduction of separation ef- 
ficiency and to contaminations. 2. Non-specific binding 
of undesirable molecules to the support by a mechanism 
that is different from the specific binding to the ligand. 
These molecules often co-elute with the desired mole- 
cule, thus reducing the efficiency of separation. 
[0003] Although the most often discussed application 
of affinity separation is affinity chromatography for puri- 
fication of proteins and messenger RNA, we discuss 
herein other important applications. One application is 
the use of solid supports for immunoassays and the oth- 
er is for the process of "panning", namely, affinity selec- 
tion of specific clones of phage or other microorganisms 
displaying specific binders on their surface, or selection 
from combinatorial libraries of peptides or oligonucle- 
otides. 

[0004] In solid phase (heterogeneous) immunoassay 
technology, the analyte can be the binding partner that 
carries the label (signal-generating species, such as ra- 
dioisotopes, enzymes, fluorescent compounds, or 
chemiluminescent compounds ), while the antibody is 
immobilized on the solid phase. For discussion of im- 
munoassays see Chard T. (Ed.) "An Introduction to Ra- 
dioimmunoassay and Related Techniques" ( 1983) 
North Holland, New York.; Maggio E.T. (Ed.)" Enzyme 
Immunoassay " (1980) CRC Press, Boca Raton, Flori- 
da; Gerson B. Fluorescence Immunoassay. J. Clin. Im- 
munoassay 7(1):73-81,1984; Seitz W.R. Immunoassay 
Labels Based on Chemiluminescence and Biolumines- 
cence. Clin Biochem (Canada) 17(2): 120-125, 1984. 
Alternatively, the antibody can be the labeled species, 
while an analyte derivative is immobilized to a solid 



phase, as described by Miles, L.E.M et al. (1968) Na- 
ture, 219:186-180 and others. Since the production of 
mouse monoclonal antibodies became practical in 
1975, assay architectures with labeled antibodies be- 

5 came more attractive because of the greater ease with 
which monoclonals can be obtained reproducibly and in 
targe quantities. In addition, purifying and labeling mon- 
oclonal antibodies is relatively easy, since it does not 
require affinity purification, a step that is essential for 

*0 labeling polyclonal antibodies. Also, it is often difficult to 
conjugate small molecular mass analytes (molecule 
with formula weight under about 1 000 daltons) to signal- 
generating molecules and to purify the desired product 
afterwards. In addition, competitive immunoassay for- 

15 mats utilizing solid phase-immobilized analyte and liquid 
phase labeled antibody give higher sensitivity due to the 
higher affinity of liquid phase antibody. 
[0005] Coupling of antibodies and other specific bind- 
ers, which are biological macromolecules, to the solid 

20 phase is relatively easy, since both the solid phase and 
the macromolecules are soluble in aqueous medium. 
The coupling can be adsorptive or by covalent bonds 
via the use of cross-linking agents such as glutaralde- 
hyde. The reaction can be done in one or more steps; 

25 however, bringing the solid phase in contact with the 
macromolecule is carried out in a water solution (see, 
for example, EP 643306), and the uncoupled fraction of 
the macromolecules can be easily washed out with 
aqueous media in order to avoid the presence of resid- 

30 ual uncoupled specific binder in the assay reagent. If the 
uncoupled protein is not removed, it will leak and lead 
to a functionally unstable solid phase. Antibodies, other 
proteins, macromolecules and polymers are attached to 
the solid support via several attachment points, which 

35 ensures a very stable immobilization, and consequently 
low leaking. 

[0006] In contrast, current methods of coupling small 
molecular mass molecules, such as haptens, to solid 
phases (immobilizations) are more problematic be- 

40 cause most small molecular mass analytes of biological 
interest require a spacer group between them and the 
support in order to make them accessible for binding by 
the ligate (binder in solution). This is particularly true of 
haptens and other small molecular mass molecules 

45 which are relatively hydrophobic and, thus, insoluble or 
slightly soluble in water. Small ligands are also more 
susceptible to leaking because they are attached to the 
support by a single bond. 

[0007] Current methods for coupling small molecular 
so mass haptens involve three basic approaches. In the 
first approach, the small molecule is first dissolved in a 
small volume of organic solvent, which is then added to 
an aqueous solution of a protein or another water solu- 
ble macromolecule in a large volume of aqueous medi- 
55 urn. Thus, the conjugation reaction is carried out in the 
presence of a large amount of water. After the coupling, 
the purification of the macromolecule-small molecule 
conjugate and its coupling to the solid support are car- 
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ried out in a predominantly aqueous medium. (Wood, 
W.G., and Gadow, A. (1983) J. Clin Chem Clin Biochem 
21:789-797; Gadow, A. et al. (1984) J Clin Chem Clin 
Biochem 22:337-347; Wood, W.G. et al. (1984) J Clin 
Chem Clin Biochem 22:349-356); Freytag J.W. et al. 
(1984) Clin Chem 30:417-420; Grenier RC. et al. (1988) 
US Patent No. 4,788,136; Baier, M. et al. (1987) US Pat- 
ent No. 4,670,383). This approach usually generates a 
precipitate consisting of the macromolecule, heavily 
substituted conjugates and the small molecule itself. In 
our previous studies using the first approach, we used 
up to iodothyronine/protein molar ratio of 18, which pro- 
duced conjugates with a molar ratio of 1.5 (Piran U et 
al. (1993) J Immunol Methods 133:207-214). When we 
increased the input ratio to 30 or 50 in order to increase 
the output ratio, the resulting conjugates became insol- 
uble and could not be used for immunoassays. Thus, 
the first approach cannot be used when there is a high 
ratio of hapten to macromolecule. The method is also 
lengthy and requires extensive conjugate purification. 
Furthermore, some of the precipitated small ligand can- 
not be removed from the desired conjugate, and this 
leads to a high level of small molecule leakage into the 
assay reagent. This causes a decrease of binding, as 
was shown by Piran U and Stastny M, US Patent No. 
5,196,349 (1993), thus compromising assay perform- 
ance. The second approach involves direct reaction of 
the small molecule with the solid phase in either aque- 
ous or organic media or a combination thereof. This ap- 
proach is simpler, but it leads to leaking of the small lig- 
and because only a single bond attaches the ligand to 
the solid phase. The third approach involves first attach- 
ing a hydrophilic macromolecule to the support and then 
reacting the solid support-macromoiecule complex with 
the small ligand in a predominantly aqueous medium 
and a small amount of organic solvent (necessary to 
keep the hapten at least partially in solution), as de- 
scribed by Wilchek, M. and Miron T. (1974) in Methods 
in Enzymology, Jakoby, W.B. and Wilchek, M. Eds., 34: 
72-77; and Chang, S.C.S. et al (1989) US Patent No. 
4,824,777. Unfortunately, this leads to entrapment of 
precipitated hydrophobic haptens on the solid phase 
and to noncovalent adsorption of the small ligand to the 
solid phase, which, in turn leads to extensive leakage of 
the ligand. These practices have additional drawbacks: 
coupling efficiency is low because most of the activated 
small ligands are nucleophiles and are easily hydro- 
lyzed in aqueous media even at low pH. Also, poor sol- 
ubility of many small ligands in aqueous medium de- 
mands an extensive dialysis step and other water-based 
purification methods to remove the uncoupled ligand 
from the solid phase. This is not only time-consuming, 
but also generates a large quantity of potentially bio- 
hazardous waste. The use of immobilized small ligands 
is not restricted to immunoassays: preparation of re- 
combinant antibody fragments and other binding pro- 
teins by phage display and other recombinant DNA 
techniques often requires immobilized haptens for "pan- 



ning" and screening by such methods as ELISA. The 
immobilization for these applications is currently 
achieved by essentially the methods described above. 
The present invention describes a new approach that 
5 avoids the aforementioned problems. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a method for 
10 preparation of affinity supports for affinity separation by 
coupling a small molecular mass molecule to a solid 
support via the use of a macromolecule spacer compris- 
ing: 

*5 a. immobilising said macromolecule on said solid 
support to form a solid support-macromoiecule 
complex in a predominantly aqueous medium, fol- 
lowed by washing in a solvent, 

b. reacting said small molecular mass molecule and 
20 said solid support-macromoiecule in a solvent, and 

c. washing said solid support-macromolecuie- 
small molecular mass molecule complex with a sol- 
vent, 

25 wherein the solvent is predominantly organic in at 

least step b or step c and the macromolecuie has a mo- 
lecular mass of more than about 5000 daltons. 
[0009] The solid phases produced according to the in- 
vention are useful for affinity purifications, immu- 

30 noassays and other binding assays, and for selection of 
binders by panning procedures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [0010] 

Fig. 1 . shows a calibration curve of a non-competi- 
tive immunoassay of triiodothyronine (T3) utilizing 
CPG-BGG-T2 prepared by the new method. Rela- 

<o tive light units (RLU) are plotted vs. 1 3 in ng/ml. Fig. 
2. shows a calibration curve of a non-competitive 
immunoassay of free thyroxin (FT4) using 
CPG-BGG-T3 prepared by the new method. Plotted 
are relative light units (RLU) chemiluminescence 

^5 vs. free T4 in ng/dL. Fig. 3. shows calibration curves 
of competitive estradiol assays using PMP-BGG- 
estradiol made by the new method (i) and the con- 
ventional method (ii), wherein the conventional 
method involves first preparing BGG-estradiol and 

50 then immobilizing the protein-hormone conjugate 
on PMP. Relative light units are plotted vs. estradiol 
concentrations in pg/mL. Fig. 4. shows calibration 
curves of competitive progesterone assay with the 
new (i) and the conventional (ii) PMP-BGG-pregne- 

55 nolone as the solid phases, wherein the convention- 
al method involves first preparing BGG-estradiol 
and then immobilizing the protein-hormone conju- 
gate on PMP. Relative light units are plotted vs. pro- 
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gesterone concentrations in ng/mL Fig. 5. shows 
calibration curves of competitive immunoassay of 
triiodothyronine (T3) using PMP-BGG-T2 made by 
the new (i) and the conventional (ii) methods, 
wherein the conventional method involves first pre- 
paring BGG-estradiol and then immobilizing the 
protein-hormone conjugate on PMR Relative light 
units are plotted vs. T3 concentrations in ng/mL 
Fig. 6. shows the data of Fig. 5. after normalization 
to bound signal/bound signal at zero dose (B/BO) 
vs. T3 concentration. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] An improved method for immobilization of 
small, relatively hydrophobic ligands to solid phases is 
described herein. This method is useful for use as an 
affinity separation support in immunoassays for hapten 
analytes, affinity chromatography for purification of 
macromolecules, screening of specific binders pro- 
duced by hybridoma or recombinant DNA techniques, 
and "panning" procedures in phage display and other 
protein engineering techniques. The method is faster, 
more convenient, generates less biohazardous waste, 
allows use of higher ligand concentrations during the 
conjugation, and leads to improved performance and 
stability of the solid phase-small molecule preparations. 
[0012] The solid phase is first coupled to a protein, a 
polyaminoacid or another water soluble macromole- 
cule. This generates a spacer that is firmly attached to 
the solid support via multiple bonds. Immobilization of 
proteins or other macromolecules can be done in an 
aqueous medium either by adsorption, but preferably by 
covalent bonding by reagents such as glutaraldehyde, 
carbodiimide and many others. The aqueous medium is 
then removed, and the solid phase is washed by an or- 
ganic solvent to remove traces of water, thus increasing 
the solubility of the hydrophobic small molecule. In ad- 
dition the removal of water reduces interference with the 
chemistry of coupling of the small molecule to the solid 
phase-macromolecule complex when the reaction is 
sensitive to water. The preferred organic solvent is an 
aliphatic alcohol (with or without small amounts of other 
organic solvents or water). The small ligand is dissolved 
in the aliphatic alcohol, mixed and reacted with the solid 
phase in an aliphatic alcohol. In such organic environ- 
ment the coupling is more efficient and predictable be- 
cause the hydrophobic small ligand is in true solution 
even at high concentrations; in addition, hydrolysis of 
the activated ligand or activated solid support is in many 
cases avoided. 

[0013] Proteins and other macromolecules undergo 
denaturation, unfolding and precipitation in most organ- 
ic solvents, including alcohols. Solid phase-immobilized 
macromolecules also undergo denaturation: applicant 
found that immobilized antibodies completely lose their 
antigen binding activity even by exposure to methanol 
or ethanol for a few minutes at 25C. However, applicants 



unexpectedly found that these alcohols do not cause de- 
terioration of the functionality of the solid phase or the 
spacer macromolecule. Surprisingly, the method al- 
lowed the use of very high ligand/protein molar ratios 

5 without causing formation of precipitates of conjugate 
or ligand. For example, in the new method (see Example 
1) we used iodothyronine/BGG molar ratio of about 200 
without forming precipitates, whereas the use of a molar 
ratio of 200 when reacting BGG and iodothyronines in 

10 aqueous solutions gives massive precipitation. After the 
coupling of the small ligand to the solid phase or to a 
protein that is immobilized on the solid phase, an organ- 
ic solvent, such as alcohol, is used to extensively wash 
away any uncoupled smalMigand. This wash step is 

15 more efficient than a wash with an aqueous medium be- 
cause an aqueous solution is not efficient at solubilizing 
and removing residual ligand. Since the unreacted small 
ligand is highly soluble in alcohols, it is efficiently re- 
moved by the organic washes, and by the time the solid 

20 phase is immersed or additionally washed with an aque- 
ous medium, virtually no unreacted small ligand is 
present in the solid phase preparation. The preferred or- 
ganic solvent for both the coupling reaction and the 
washes is an alcohol, such as methanol, ethanol or pro- 

25 panol, although higher molecular mass aliphatic alco- 
hols may be used. Furthermore, many solid phase-mac- 
romolecule spacer complexes are compatible with diox- 
ane, DMF and organic solvents of higher hydrophobic- 
ity, such as hydrocarbons. The organic medium can also 

30 contain a small amount of other organic solvents, but 
preferably less than about 10% (v/v). For many applica- 
tions, 95% ethanol, which contains 5% water may be 
used. 95% ethanol is a readily available, inexpensive 
and relatively nontoxic solvent. However, the medium 

35 should be predominantly organic, with up to about 1 0% 
v/v water. After the washing, the organic solvent is re- 
moved by applying a centrifugal, magnetic, or gravita- 
tional forces to the solid phase, or, in the case of an ex- 
tended surface, by decantation, and the solid phase is 

40 immersed in an aqueous solution. 

[0014] The examples shown herein include small lig- 
ands that are extremely hydrophobic and are haptens 
(triiodothyronine, diiodothyronine and pregnenolone). 
Also shown is an example involving the moderately hy- 

45 drophobic hapten estradiol. We also successfully used 
the method for several other steroids, as well as for im- 
mobilizing the slightly hydrophobic haptens melatonin, 
serotonin and their analogs. Thus, the present invention 
can be applied to haptens of varying degrees of hydro- 

50 phobicity or water solubility. We immobilized ligands that 
are hapten-heterologous, namely analogs that in the un- 
immobilzed form bind the antibody weakly but in the im- 
mobilized form bind with greater avidity. For discussion 
of heterology and its beneficial effects in immunoassays 

55 see Piran et al. Clin Chem 39:879-883 (1993) and Piran 
et al. J Immunol Methods 133:207-214 (1990). Howev- 
er, the method of the present invention is also effective 
in immobilizing non-heterologous ligands. 
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[0015] The haptens included in the examples, triio- 
dothyronine (T3) f estradiol, pregnenolone, and diiodo- 
tyronine (T2), were all pre-activated through the endog- 
enous or grafted carboxyl group of the hapten by con- 
jugating it to N-hydroxyl succinimide via dicyclohexyl- 
carbodiimide (DCC) to form a N-hydroxyl succinimidyl 
(NHS) compound with a generic chemical form shown 
below: 



Hapten -C -O-N 



\ 



c— c 



[0016] After proper purification this NHS-hapten can 
be stored in dry form in a freezer with good stability until 
used. In some experiments the coupling was successful 
even though the unreacted DCC and by-products of the 
activation reaction were not removed. Many other meth- 
ods of activation of the hapten can be used. 
[0017] Alternatively, the solid phase can be activated 
instead. The chemistry used for immobilization may in- 
volve an active ester, maleimide, sulfhydryl or one of 
many other chemistries known in the art. Many such 
chemistries are described in Dean PDG et al. Eds. "Af- 
finity Chromatography, a Practical Approach" IRL Press, 
Oxford/Washington DC (1985) and in Wong SS "Chem- 
istry of Protein Conjugation and Cross Linking" CRC 
Press Inc. (1991). 

[0018] The solid phases in some examples are para- 
magnetic particles made of iron oxide coated with po- 
lymerized amino-silane. Also included are examples us- 
ing controlled pore glass particles. The method de- 
scribed herein is suitable to these and any other solid 
support such as polystyrene particles, magnetizable la- 
tex particles, microtitre plates, test tubes, petri dishes, 
agarose, cellulose, dextran, silica, silica gel, nylon, chi- 
tin, polyacrylamide, nitrocellulose and many other types 
of solid phases from natural or synthetic origin. The solid 
phase can be particulate, extended surface or porous. 
The preferred solid phases for immunoassays are par- 
amagnetic particles, magnetizable latex particles, con- 
trolled pore glass and latex particles; the preferred solid 
phases for affinity chromatography are agarose and 
controlled pore glass; the preferred solid phases for 
panning are petri dishes and magnetizable latex parti- 
cles. 

[001 9] Proteins and other polymers of biosynthetic or 
synthetic origins can be used as a macromolecular coat- 
ing of the solid phase and serve as spacers to which 
small ligands are then attached in an organic medium. 



The macromolecule can be bovine gamma globulin 
(BGG), rabbit gamma globulin, bovine serum albumin 
(BSA), ovalbumin, gelatin, thyroglobulin, polylysine or 
any other polymer with a molecular mass of more than 

5 about 5000 daltons. They can be used alone or in mix- 
tures. The most preferred macromolecule is BGG. In 
some experiments the solid phase was not coupled to 
a protein prior to immobilization of the hapten; this led 
to a functional solid phase, but its stability was lower 

10 than in the case of protein-coated solid phases. There- 
fore, the preferred embodiment includes a step of cov- 
alent or adsorptive immobilization of protein or another 
macromolecule followed By hapten conjugation. The 
most preferred embodiment involves covalent immobi- 

15 lization using glutaraldehyde as a cross-linker. 

[0020] In our experiments the NHS-hapten was typi- 
cally dissolved in dimethylformamide (DMF), then dilut- 
ed in anhydrous methanol to a designated concentration 
and a trace amount of triethylamine was added. Protein- 

20 coated solid phases were prewashed with anhydrous 
methanol before they were reacted with the NHS-acti- 
vated hapten. The reaction usually took place at room 
temperature for time periods of between one and 20 
hours; however, in two examples the reaction was found 

25 to be completed in 20 minutes. Thus the reaction time 
is expected to range from less than about 1 hour up to 
greater than about 20 hours, depending upon the par- 
ticular ligand, spacer, organic phase and the chemistry 
of activation. After the coupling reaction, the solid phase 

30 was washed extensively with methanol to remove the. 
uncoupled but non-covalently bound haptens. The final 
washed solid phases were resuspended in buffers suit- 
able for immunoassays. Coupling efficiency could be 
easily found by determining the hapten concentration in 

35 the supernatant before and after reaction with the solid 
phases. This direct estimate of coupling efficiency is ba- 
sically not feasible in prior art methods because of the 
precipitates that they cause. Hapten solid phases made 
by this new method compare favorably with hapten solid 

40 phases made by the conventional methods in terms of 
assay performance and in addition have improved func- 
tional stability. They are also prepared with greater ease 
and speed. 

[0021] When immobilizing hydrophobic small mole- 
45 cules the preferable method utilizes organic solvent in 
both the immobilization and the wash steps. However, 
when immobilizing a moderately hydropohobic small 
molecules it is possible to use a predominantly organic 
medium in only the immobilization step or the wash step 
50 following immobilization. For example, we immobilized 
digoxin on PMP-BGG by oxidizing digoxin with sodium 
periodate in ethanol/water mixture (1:1 v/v) and carried 
out the conjugation of the activated digoxin to the 
PMP-BGG in a predominantly aqueous medium, and af- 
55 ter the conjugation reaction we washed the PMP-BGG- 
digoxin three times with pure methanol. This solid phase 
was found to be effective and stable in a competitive 
chemiluminometric immunoassay of digitoxin using 
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DMAE-anti-digitoxin monoclonal antibody in the ACS: 
180 instrument. 

EXAMPLES 

[0022] The following examples illustrate various as- 
pects of the invention. 

Example 1. Immobilization of diiodothyronine on 
controlled pore glass 

[0023] Bovine gamma globulin (BGG) was immobi- 
lized on controlled pore glass (CPG) containing surface 
amino-silane as described by Piran U. et al. (1995) US 
Patent No. 5,445,936. CPG-BGG, 100 mg, containing 
about 10 mg of immobilized BGGwas centrifuged at 
2000 rpm for 10 min to sediment the particles. The su- 
pernatant aqueous medium was decanted and the sed- 
iment was resuspended in 10 ml anhydrous methanol 
and rocked gently for 10 min. The particles were centri- 
fuged and washed three times with 10 ml methanol by 
10 min rocking followed by centrifugation steps, and fi- 
nally resuspeded in 4 ml anhydrous methanol and 0.01 
ml triethylamine in a glass test tube. L-3,5-diiodothyro- 
nine (T2) was coupled to the CPG-BGG by adding to 
the suspension 10 mg of NHS-activated N-hemisucci- 
nate methyl ester of T2 (in 0.7 ml DMF; this represents 
a molar ratio of T2/BGG of about 200) followed by 20 
hours incubation at about 25C with gentle rocking. After 
the coupling the particles were centrifuged and washed, 
three times with 10 ml methanol, followed by two wash- 
es with 10 mM sodium phosphate buffer pH 7.4. The 
particles were then washed twice with PBS/BSA (50 mM 
sodium phosphate, 100 mM sodium chloride, 1 mM ED- 
TA, 0.2 g/L sodium azide and 1 g/L bovine serum albu- 
min, pH 7.4) and diluted in this buffer to concentration 
of 10 mg CPG-BGG-T2 per ml. 
[0024] T2 was also immobilized directly onto the ami- 
no-silane groups of the CPG (without BGG spacer) in 
an identical procedure, as a control reagent designed to 
verify the advantage of using a macromolecular spacer 
(See results in Example 3). 

Example 2. Affinity purification of anti-T3 using 
CPG-BGG-T2 

[0025] A monoclonal anti-T3 was prepared and la- 
beled with an acridinium ester (DMAE) as described by 
Piran et al. US Patent No. 5,445,936 ( 1 995). The labeled 
antibody was affinity purified by incubating it with 1 mg 
CPG-BGG-T2 from example 1 for 1 hour and then filter- 
ing the suspension with an disposable syringe filter with 
cellulose acetate pore size of 0.2 micron (Corning Glass 
Works, Corning NY). 

The particles were washed with PBS/BSA by passing 
10 ml of buffer through the filter, and the specifically 
bound antibody was then eluted by 0.1 M glycine buffer 
at pH 2.5 and was immediately neutralized by 0.1 M so- 



dium phosphate buffer at pH 8. 
[0026] The affinity purified DMAE-anti-T3 and the 
CPG-BGG-T2, prepared in Example 1 , were used to run 
a calibration curve of T3 in a non-competitive immu- 
5 noassay format according to Piran et al. US Patent No. 
5,445,936. The calibration curve is shown in Fig. 1. 

Example 3. Stability of CPG-BGG-T2 and CPG-T2 
compared. 

10 

[0027] The solid supports prepared in Example 1 
were subjected to an accelerated stability test. Both sol- 
id phases were diluted to 1 mg/ml in PBS/BSA buffer 
and incubated at 4C and 37C for 7 days. They were then 

15 brought to about 25C and incubated with the affinity pu- 
rified DMAE-anti-T3 from Example 2 for 1 0 min, followed 
by centrifugation and measurement of the DMAE chemi- 
luminescence remaining in the supernatant. Both solid 
phases bound 98% of the DMAE-anti-T3 after storage 

20 at 4C; however, after 7 days storage at 37C CPG-T2 
bound only 83%, while CPG-BGG-T2 bound 94%. Thus, 
the results show that the method of the present invention 
is compatible with stabilization of ligand by a protein 
spacer. 

25 

Example 4. Non-competitive immunoassay for free 
thyroxin 

[0028] Monoclonal anti-T4 was prepared and labeled 

30 with DMAE as described in.PiranAJ and Stastny M, US 
Patent No. 5,196,349 (1993). Anti-DMAE monoclonal 
was prepared and immobilized on paramagnetic parti- 
cles (PMP) as described by Piran U et al., US Patent 
No.5,445,936 (1995). T3 was coupled to CPG-BGG by 

35 the method of the instant invention in methanol, essen- 
tially as described for T2 in example 1, except that the 
activated hapten was the NHS-activated N-methyl ester 
of L-T3. The DMAE-labeled anti-T4 was affinity purified 
using CPG-BGG-T3 as the solid support, essentially as 

40 described for the affinity purification of DMAE-anti-T3 in 
Example 2. An aliquot of the affinity purified antibody 
was incubated with 1 mg CPG-BGG-T3 in 1 ml PBS/ 
BSA for 10 min at about 25C. The reaction mixture was 
centrifuged for 1 0 min at 2000 rpm to sediment the CPG, 

45 and a 0.01 mL aliquote of supernatant was taken for 
chemiluminescence measurement. More than 99% of 
the labeled antibody was found to bind to CPG-BGG-T3. 
[0029] These reagents were used for constructing a 
calibration curve for free T4 (FT4) using the ACS: 180 

50 automated immunoassay analyzer (described by Dud- 
ley RF, The Ciba-Corning ACS:180 Automated Immu- 
noassay System. J. Clin. Immunoassay 14: 
77-82,1991). 

[0030] The sample probe delivered 0.05 ml human- 
55 serum based calibrator, reagent probe 1 delivered 0.1 
ml labeled anti-T4 in buffer containing, per liter, 20 
mmole sodium barbital, 150 mmole sodium chloride, 1 
mmole EDTA, 1 g BSA and 1.5 g BGG at pH 8.5. After 
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2.5 min incubation at 37C reagent probe 2 delivered 
0.25 mg CPG-BGG-T3 in 0.1 ml PBS/BSA, and after an 
additional 2.5 min reagent probe 3 delivered 0.05 mg 
PMP-anti-DMAE in 0.1 ml PBS/BSA. Magnetic separa- 
tion, wash steps and chemiluminescent readout were 
carried out by the instrument as described by Piran U et 
al. US Patent No. 5,445,936 (1995). The resulting cali- 
bration curve is shown in Fig. 2, demonstrating the utility 
of the CPG-BGG-T3 prepared by the new method in the 
assay. 

Example 5. Preparation of PMP-BGG-estradiol and 
competitive immunoassay of estradiol 

[0031] PMP-BGG was prepared essentially as de- 
scribed for immobilizing various other proteins by Piran 
U and Stastny M, US Patent No. 5,196,349 (1993). Five 
hundred milligrams of PMP-BGG were washed once 
with 25 ml of 10 mM sodium phosphate buffer pH 7.4, 
then five times with 25 ml of anhydrous methanol. The 
supernatant was removed after each wash by separat- 
ing magnetizable particles with a magnet. A stock solu- 
tion of NHS-activated 6-carboxymethyl oxime estradiol 
in 100% DMF was prepared at concentration of 5.7 mg/ 
ml. The stock solution was diluted 10-fold with methanol 
containing 23% DMF. Three ml of this solution was di- 
luted further with 27 ml of methanol containing 78 ug/ml 
of triethylamine. Twenty five ml of this solution was add- 
ed to the methanol-washed PMP-BGG and the suspen- 
sion was mixed at 200_rpm/min for 20 minutes at room 
temperature. At the end of the reaction time the particles 
were separated on a magnet and the supernatant was 
removed followed by five methanol washes the same 
way as described for the 500 g PMP-BGG in this Exam- 
ple. After the fifth methanol wash the PMP-BGG-estra- 
diol solid phase was washed with 10 mM sodium phos- 
phate buffer pH 7.4, and then resuspended in 25 ml of 
PBS/BSA containing 0.1% sodium azide as preserva- 
tive. PMP-BGG-estradiol made by this new method was 
diluted to the same concentration as the reference 
which was made by the conventional (indirect) method 
via estradiol-BGG conjugate. The binding characteristic 
of these two solid phases were generated by the ACS: 
180 automated immunoassay analyzer and the result- 
ing calibration curve is shown in Figure 3. Basically, the 
assay performance of the new solid phase was similar 
to that of the conventional solid phase and the binding 
curves of the two solid phases were parallel to each oth- 
er. However, the new solid phase took only two days to 
prepare, whereas the reference solid phase took five 
days. Nearly half of the latter preparation time was used 
for dialyzing away uncoupled estradiol from the BGG- 
estradiol conjugate; in contrast, using the present inven- 
tion this step was efficiently done by a direct organic sol- 
vent extraction for about one hour. 



Example 6. Preparation of PMP-BGG-pregnenolone 
and competitive immunoassay of progesterone 

[0032] Five hundred milligrams of PMP-BGG were 
5 washed once with 25 ml of 10 mM sodium phosphate 
buffer pH 7.4, then five times with anhydrous methanol 
as described in Example 5. A stock solution of NHS- 
pregnenolone in 100% DMF at concentration of 6.3 mg/ 
ml was prepared. Diluted the stock solution 1 0 folds with 
10 methanol containing 23% DMF. Three ml of this solution 
was diluted further with 27 ml of methanol containing 70 
ug/ml of triethylamine. Twenty five ml of the NHS-acti- 
vated pregnenolone solution last diluted to the metha- 
nol-washed BGG-PMP was transferred and mixed at 

*5 200 rpm/min for 20 minutes at room temperature. At the 
end of the reaction time supernatant was removed fol- 
lowed by five methanol washes the same way as before. 
After the fifth methanol wash the PMP-BGG-pregne- 
nolone solid phase was washed with 10 mM sodium 

20 phosphate buffer pH 7.4, then resuspended in 25 ml of 
PBS buffer contain 0.1 % sodium azide as preservative. 
PMP-BGG-pregnenolone made by this new method 
was diluted to the same concentration as the reference 
which was made by the conventional (indirect) method 

25 via pregnenolone-BGG conjugate. The binding charac- 
teristic of these two solid phases were generated by the 
ACS: 180 analyzer and the result is shown in Figure 4. 
Basically, the new solid phase gave a steeper displace- 
ment curve than the reference solid phase, thus endow- 

30 ing the assay with better performance characteristics. 

Example 7. Preparation of PMP-BGG-T2 and a 
competitive immunoassay of T3 

35 [0033] Five hundred milligrams of BGG-PMP were 
washed once with 25 ml of 10 mM sodium phosphate 
buffer pH 7.4, then five times with 25 ml of anhydrous 
methanol as described in Example 5. Prepared a stock 
solution of NHS-activated T2 in 100% DMF at concen- 

40 trationof 31.89mg/mt. Diluted the stock solution 10folds 
with methanol containing 23% DMF. Diluted 3ml of this 
solution further with 27 ml of methanol containing 70 ug/ 
ml of triethylamine. Transferred 25 ml of the NHS-diio- 
dotyronine solution last diluted to the methanol-washed 

45 BGG-PMP and mixed at 200 rpm/min for 20 minutes at 
room temperature. At the end of the reaction time su- 
pernatant was removed followed by five methanol wash- 
es the same way as before. After the fifth methanol wash 
the estradiol-BGG-PMP solid phase was washed with 

50 10 mM sodium phosphate buffer pH 7.4, then resus- 
pended in 25 ml of PBS buffer contain 0. 1 % BSA, 0. 1 % 
sodium azide as preservative. 
Diiodothyronine BGG-PMP made by this new method 
was diluted to the same concentration as the reference 

55 which was made by the conventional (indirect) method 
via diiodothyrone-BGG conjugate. 
[0034] The binding characteristic of these two solid 
phases were generated by the ACS: 180 analyzer and 
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the results are shown in Figure 5 . In Figure 5 it appears 
that the new solid phase has a higher capacity than the 
reference solid phase, but this difference could be elim- 
inated by diluting the new solid phase further. Perhaps 
the most interesting finding is that if the two standard 
curves are normalized by the a B/Bo versus T3 concen- 
tration plot, as shown in Figure 6, the new solid phase 
actually gives a steeper displacement curve than the ref- 
erence one. Again, this is a more desirable situation for 
competitive assays, especially when the signals are sig- 
nificantly higher. 



Claims 

1 . A method for preparation of affinity supports for af- 
finity separation by coupling a small molecular 
mass molecule to a solid support via the use of a 
macromolecule spacer comprising: 

a. immobilising said macromolecule on said 
solid support to form a solid support-macromol- 
ecule complex in a predominantly aqueous me- 
dium, followed by washing in a solvent, 

b. reacting said small molecular mass molecule 
and said solid support-macromolecule in a sol- 
vent, and 

c. washing said solid support-macromolecule- 
small molecular mass molecule complex with a 
solvent, 

wherein the solvent is predominantly organic 
in at least step b or step c and the macromolecule 
has a molecular mass of more than about 5000 dal- 
tons. 

2. A method according to claim 1 in which a predom- 
inantly organic solvent is used in step a for washing 
solid support-macromolecule complex. 

3. A method according to claim 1 wherein said solid 
support is selected from paramagnetic particles, 
controlled pore glass, agarose, latex particles, pol- 
ystyrene particles, magnetisable latex particles, mi- 
crotitre plates, test tubes, petri dishes, agarose, cel- 
lulose, dextran, silica, silica gel, nylon, chitin, poly- 
acrylamide and nitrocellulose. 

4. A method according to claim 3 wherein said solid 
support is selected from paramagnetic particles, 
controlled pore glass, latex particles, magnetisable 
latex particles, agarose and petri dishes. 

5. A method according to any one of the preceding 
claims wherein said macromolecule is a protein, a 
polyaminoacid, or a hydrophilic polymer. 

6. A method according to any one of the preceding 



claims wherein said solvent is an aliphatic alcohol 
which may comprise a small amount of other organ- 
ic solvent or water. 

5 7. A method according to any one of the preceding 
claims wherein said small molecular mass molecule 
coupled to a solid support is suitable for use in af- 
finity chromatography, immunoassay or panning. 

10 8. A method according to claim 7 wherein said small 
molecular mass molecule coupled to a solid support 
is suitable for use in affinity chromatography. 

9. A method according to claim 7 or 8 in which said 
15 small molecular mass molecule is thyroxin, free thy- 
roxin, triiodothyronine, digitoxin, phenytoin, proges- 
terone or estradiol. 

10. A method according to any one of the preceding 
20 claims in which the reaction between said small mo- 
lecular mass molecule and said solid support-mac- 
romolecule takes place for about less than 1 hour 
to more than about 20 hours. 

25 11. A method according to any one of the preceding 
claims wherein said macromolecule is a protein. 

12. A method according to claim 11 in which said protein 
is bovine gamma globulin. 

30 

Patentanspruche 

1. Verfahren zur Herstellung von Affinitatstragern zur 
35 Affinitatstrennung durch Kupplung eines Molekuls 

mit kleinem Molekulargewicht an einen festen Tra- 
ger uber die Verwendung eines makromolekularen 
Spacers umfassend: 

40 a. Immobilisieren des Makromolekiils auf dem 

festen Trager zur Bildung eines Komplexes aus 
dem festen Trager und dem Makromolekul in 
einem vorwiegend wassrigen Medium, gefolgt 
durch Waschen in einem Losungsmittel, 
45 b. Umsetzen des Molekuls mit kleinem Moleku- 

largewicht und des festen Trager-Makromole- 
kuls in einem Losungsmittel, 
c. Waschen des Komplexes aus dem festen 
Trager, dem Makromolekul und dem Molekul 
50 mit kleinem Molekulargewicht mit einem Lo- 

sungsmittel, 

wobei das Losungsmittel mindestens in Stufe b 
oder Stufe c uberwiegend organisch ist und das Ma- 
ss kromolekul ein Molekulargewicht von mehr als 5000 
Dalton aufweist. 

2. Verfahren nach Anspruch 1 , worin ein uberwiegend 
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organisches Ldsungsmittel in Stufe a zum Waschen 
des Komplexes aus dem festen Trager und dem 
Makromolekul verwendet wird. 

3. Verfahren nach Anspruch 1 , worin der feste Trager 
ausgewahlt ist aus paramagnetischen Teilchen, 
Glas mit kontrollierten Poren, Agarose, Latexteil- 
chen, Polystyrolteilchen, magnetisierbaren Latex- 
teilchen, Microtiterplatten, Testrohrchen, Petrischa- 
len, Agarose, Cellulose, Dextran, Siliciumdioxid, Si- 
liciumdioxidgel, Nylon, Chltin, Polyacrylamid und 
Nitrocellulose. 

4. Verfahren nach Anspruch 3, worin der feste Trager 
ausgewahlt ist aus paramagnetischen Teilchen, 
Glas mit kontrollierten Poren, Latexteilchen, ma- 
gnetisierbaren Latexteilchen, Agarose und Petri- 
schalen. 

5. Verfahren nach einem der vorhergehenden Anspru- 
che, worin das Makromolekul ein Protein, eine Po- 
lyaminosaure oder einhydrophiles Polymer ist. 

6. Verfahren nach einem der vorhergehenden Anspru- 
che, worin das Ldsungsmittel ein aliphatischer Al- 
kohol ist, welchereine kleine Menge eines anderen 
organischen Losungsmittels oder Wasser umfas- 
sen kann. 

7. Verfahren nach einem der vorhergehenden Anspru- 
che, worin das Molekul mit kleinem Molekularge- 
wicht, welches an einen festen Trager gekuppelt ist, 
fur die Verwendung fur bzw. in der Affinitatschroma- 
tographie, in einem Immunoassay oder Panning ge- 
eignet ist. 

8. Verfahren nach Anspruch 7, worin das Molekul mit 
kleinem Molekulargewicht, welches an einen festen 
Trager gekuppelt ist, fur die Verwendung in der Af- 
finitatschromatographie geeignet ist. 

9. Verfahren nach Anspruch 7 oder 8, worin das Mo- 
lekul mit kleinem Molekulargewicht Thyroxin, freies 
Thyroxin, Triiodothyronin, Digitoxin, Phenytoin, 
Progesteron oder Estradiol ist. 

10. Verfahren nach einem der vorhergehenden Anspru- 
che, worin die Reaktion zwischen dem Molekul mit 
kleinem Molekulargewicht und dem festen Trager- 
Makromolekul uber einen Zeitraum von etwa weni- 
ger als 1 Stunde bis mehr als 20 Stunden stattfindet. 

1 1 . Verfahren nach einem der vorhergehenden Anspru- 
che, worin das Makromolekul ein Protein ist. 

12. Verfahren nach Anspruch 11, worin das Protein bo- 
vines Gamma-Globulin ist. 



Revendications 

1 . Methode de preparation de supports d'affinite pour 
la separation par affinite par couplage d'une mole- 

5 cule de faible masse moleculaire a un support soli- 
de, par Pintermediaire de I'utilisation d'un espaceur 
macromoleculaire, comprenant les etapes 
consistant : 

w a. a immobiliser ladite macromolecule sur (edit 

support solide pour former un complexe sup- 
port solide-macromolecule dans un milieu prin- 
cipalement aqueux, puis a laver dans un sol- 
vant, 

15 b. a faire reagir ladite molecule de faible masse 

moleculaire et ledit support solide-macromole- 
cule dans un soivant, et 
c. a laver ledit complexe support solide-macro- 
molecule-molecule de faible masse moleculai- 
20 re avec un soivant, 

le soivant etant principalement organique dans au 
moins I'etape b ou I'etape c et la macromolecule 
ayant une masse moleculaire de plus d'environ 
25 5000 daltons. 

2. Methode selon la revendication 1 , dans laquelle on 
utilise un soivant principalement organique dans 
I'etape a pour le lavage dudit complexe support so- 

30 lide-macromolecule. 

3. Methode selon la revendication 1 , dans laquelle le- 
dit support solide est choisi parmi des particules pa- 
ramagnetiques, du verre a pores controles, de 

35 I'agarose, des particules de latex, des particules de 
polystyrene, des particules de latex magnetisables, 
des plaques de microtitrage, des tubes a essai, des 
boTtes de Petri, de la cellulose, du dextrane, de la 
silice, du gel de silice, du nylon, de la chitine, du 

to polyacrylamide et de la nitrocellulose. 

4. Methode selon la revendication 3, dans laquelle le- 
dit support solide est choisi parmi des particules pa- 
ramagnetiques, du verre a pores controles, des par- 

45 ticules de latex, des particules de latex magnetisa- 
bles, de I'agarose et des boTtes de Petri. 

5. Methode selon I'une quelconque des revendica- 
tions precedentes, dans laquelle ladite macromole- 

50 cule est une proteine, un poly(acide amine) ou un 
polymere hydrophile. 

6. Methode selon Tune quelconque des revendica- 
tions precedentes, dans laquelle ledit soivant est un 

55 alcooi aliphatique qui peut comprendre une petite 
quantite d'un autre soivant organique ou d'eau. 

7. Methode seion I'une quelconque des revendica- 



15 



9 



17 EP 0 859 793 B1 

tions precedentes, dans iaquelie ladite molecule de 
faible masse moleculaire couplee a un support so- 
lide convient a une utilisation en chromatographie 
d'affinite, en dosage immunologiqueou en methode 
d'adherence sur plastique. 5 

8. Methode selon la revendication 7, dans Iaquelie la- 
dite molecule de faible masse moleculaire couplee 
a un support solide convient a une utilisation en 
chromatographie d'affinite. *o 

9. Methode selon la revendication 7 ou 8, dans Iaquel- 
ie ladite molecule de faible masse moleculaire est 
la thyroxine, la thyroxine libre, la triiodothyronine, la 
digitoxine, la phenytoine, la progesterone ou I'es- *5 
tradiol. 

10. Methode selon Tune quelconque des revendica- 
tions precedentes, dans Iaquelie la reaction entre 
ladite molecule de faible masse moleculaire et ledit 20 
support solide-macromolecuie a lieu pendant envi- 
ron moins d'une heure a plus d'environ 20 heures. 

11. Methode selon Tune quelconque des revendica- 
tions precedentes, dans Iaquelie ladite macromole- 25 
cule est une proteine. 

12. Methode selon la revendication 11, dans Iaquelie 
ladite proteine est une gammaglobuline bovine. 

30 



35 



40 



45 



50 



55 



10 



EP 0 859 793 B1 



Figure 1 




11 



EP 0 859 793 B1 



Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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